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Paper by Graham Berrisford, based on work done by the Rules and Patterns group of the BCS Data Management Specialist Group.
Introduction

This paper sets out to answer three questions posed by the organisers of an Open University conference called ‘Architectural Approaches to Software Engineering’.

· How does software architecture fit ‘industry’ software development

· Are patterns and frameworks used in industry?  If so, how?

· What is the impact of these new approaches on traditional software development methodologies?

The views expressed in this paper are based experience of various organisations, including several large financial institutions.

How does software architecture fit ‘industry’ software development

It is possible answer this question only in the context of a scheme that describes what ‘architecture’ means, or rather, the several things it means. People in the IT industry use the term architecture in many different ways.

There are only two architectures in the classification scheme below. But one may well record these architectures in three or four documents, as indicated below.

Technical architecture (document 1)

· Hardware nodes 

· Communication channels

· Operational tools

· Development tools

Component architecture

· Client-server layering (document 2)

· Component partitioning (document 3)

· Functional partitioning

· Data partitioning 

· Business component partitioning

· Infrastructure library (document 4)

Technical architecture

A technical architecture may be described in terms of four elements that are defined by technical architects.

Hardware nodes 

The technical architect should define the hardware nodes, the computing machines that carry out processing,  and where they are located. The hardware may range from a mainframe computer, through local servers and office PCs, to hand-held devices and home PCs connected via the internet.

Communication channels

The technical architect should define the network of channels that connect processing nodes, the communication protocols and network technologies. 

The technical architect may also define the channels and technologies via which the technical architecture can exchange I/O with external systems or machines.

A component architect may later identify specific data flows between software components, define their formats, and allocate them to communication channels.

Operational tools

The technical architect should identify what kinds of operating system, middleware and application code are executed, and allocate them to hardware nodes.

Development tools

The technical architect should identify programming environments, and allocate them to hardware nodes.

Component architecture

One technical architecture may support many systems. Each software system is divided into software components. The analysts and designers who divide software into components, as they design a system to run on top of a technology architecture, may be called component architects.

Of course the technical architecture is vital, but component architects largely take this for granted. Their day-to-day software development work is focused mainly on software layering and partitioning.

Given a picture of a system in which users are at the top, and stored business data is at the bottom, the component architecture can be described in terms of orthogonal process dimensions - vertical partitions and horizontal layers.

Client-server layering

A component architect should define how a system is divided into horizontal layers of modules. So, each system function is modularised from event detection down to memory handling. It may be desirable to allocate each layer of modules to nodes in the technical architecture.

In practice: Standards work often emphasises client-server layering, because it looks like this is the only aspect of component architecture for which something near to universal agreement might be reached. See the RAP group paper ‘The 3/5 layer architecture’.

But practice has yet to catch up with the recommended standard. Most developers code a variety of 2-tier architecture. Some code using VisualBasic for the front end and SQL Server for the back end. Many of these are coding business rules into the front-end in ways that are difficult to maintain. Some are coding using tools like Oracle that encourage business rules to be coded in the database engine.

Functional partitioning

A component architect should define how the front end of a system is divided into functions, user services, use cases, or application components that are available to users. Each non-trivial function can be viewed as vertical slice of a system, from user interface to database. A function may be allocatable to one or more nodes in the hardware architecture.

In practice: Most analysis and design starts with some kind of function definition or use case analysis. It is common to treat the functions as the units of development work. So, perforce, software developers pay attention to the functional architecture.

Data store partitioning 

A component architect may define how the back-end services of a system are based on discrete data stores or logical databases, identify their data management systems, and perhaps allocate them to nodes the hardware architecture.

In practice: Software developers must define and understand the underlying databases, their structures and services. Increasingly, people are encapsulating their databases behind some kind of data abstraction layer. Typically, a data abstraction layer offers fairly crude data retrieval and replacement services, so the business rules must be coded in a higher level layer of code.

Business component partitioning 

A business component is a set of business functions associated with a specific body of users, based on top of a coherent business data store, perhaps one discrete database.

A component architect may define how the back-end services of a system are divided into ‘domains’ or ‘integrity components’.

In practice: Identifying discrete business components (as distinct from discrete databases) is a relatively recent innovation, introduced with Component-Based Development (CBD) methods. So industry experience is limited. See the RAP group papers ‘Introduction to business components’.

Infrastructure library 

An infrastructure library is a catalogue of utility components. Some utility components can be allocated to (invoked from) a specific layer in the client-server process architecture.

In practice: Software developers do build up libraries of utility components. One sees ‘application architecture documents’ that include instructions on when and how to use scores of utility components. Such a document may run to several hundred pages.

Notes

Most organisations recognise the need to describe most of the bits and pieces under the headings above. Some people use term application architecture rather than component architecture. Others use term application architecture to describe only an infrastructure library.

The term architecture is especially confusing, because it is used in a different sense in the phrase Common Object Request Broker Architecture (CORBA), where it means a standard or protocol for interfaces.

Where interface standards are in place, they are normally imposed via the technology architecture, so software developers don’t have to worry about them.

One question the technical and components architectures must address is that of performance. The need to meet non-functional requirements can determine the broad shape of the architecture both at hardware and software levels.

Are patterns and frameworks used in industry?  If so, how?

Frameworks

Frameworks, or templates, are widely used both to speed up the coding of functions and to impose a regular software architecture. Tool vendors now provide templates to raise the productivity of their programming environments. Many enterprises develop their own in-house templates. On the downside, there is some concern about how stable the templates are, and what difficulties template evolution may cause at maintenance time.

Tool vendors also provide Wizards and Add-ins to raise the productivity of their programming environments. 

Some enterprises extend their languages with new components. C++ is designed specifically for this. Even humble VisualBasic is rapidly heading in this direction. And people do actually use Microsoft Foundation classes. Using such 'language extensions' rather than add-ins and wizards can make for a simpler and more maintainable system.

Some enterprises create a software factory, a working environment in which component engineers (clever clogs) help application developers (simple folk) to work nearer to the accuracy, speed and maintainability of 4GL programmers.

Even with all these productivity aids, it seems unlikely that 3GLs (I include C, C++ and Java) will ever become as productive as dictionary-based 4GLs (I exclude a lot of tools claiming to be 4GLs) for building straightforward business information systems. The role of 3GLs is largely outside of this, for batch programming, for unusual or complex low-level functions, and for specialist GUI functions.

Sadly, few yet manage to combine 4GLs and 3GLs efficiently.

Design patterns

Individual object-oriented programmers do follow design patterns of the kind documented by Gamma et al. This is normally a matter of personal taste, not visible at the level of project management. 

For an enterprise to take advantage of patterns, the enterprise itself must train coders to recognise patterns, understand them and apply them. Very few organisations do this.

At least one large IT organisations has looked at developing a catalogue of patterns coded in a specific language (say C++ or Java). Generally, the business case for doing this is far from clear. Some of the difficulties are evident in the quote below.

‘Reuse of software makes the software an asset. To gain value from an asset, it must be used. To enforce reuse requires a library manager, a role separate from those developing applications or components. The role encompasses; managing the addition of new classes; managing the versions of existing classes; enforcing standards for code and documentation; and ensuring bugs are reported and fixed. The role is proactive, actively discouraging programmers from writing code!’

Taken from the OU course on OO software engineering - M868.

Other kinds of pattern

There are many kinds of pattern, beyond those known as design patterns or frameworks. Other RAP group papers discuss specification patterns and analysis patterns.

What is the impact of these new approaches on traditional software development methodologies?

The impact is not so big as the question might be taken to imply. What is a traditional methodology? Let me assume we mean structured methods like Information Engineering, or SSADM, and RAD methods like DSDM. All these methodologies are based to some extent on a software architecture.

Technology architectures and component broker architectures have very little effect on methodologies that are designed to be technology independent (which most are).

Turning to the component architecture, the process hierarchy in Information Engineering implies a multi-layered client-server layering. SSADM users are forced by the fundamental rationale of the method towards a 3-tier client-server layering. In this sense, even these traditional methodologies are still ahead of much industrial practice.

Perhaps the biggest impact on software development in the last ten years has been the customer's increasing demand for faster delivery (often forced on them by market pressures) coupled with tool vendors’ claims of ever increasing productivity (some justified, some not).

RAD methods like DSDM set out to address the need for faster development, principally by making use of the functional architecture. They recommend an iterative development approach that delivers one function at a time. There is no conflict between this and Information Engineering and SSADM; it is only a matter of scoping.

RAD projects still need all other aspects of architecture. The architecture has to address the same issues whether you develop the system by RAD or TRAD. Where a RAD project cannot reuse an existing architecture, there is a risk that defining the architecture on the fly will cause problems in the long term.

RAD methods can lead to systems integration problems. Iterative development can lead to excessive reworking of the back-end business data services. So, people are now recommending using RAD for the front-end, and component-based development for the back end. 

Recently, some projects have attempted to define a business component architecture. There are many difficulties, far too many to list here.

Conclusions

Traditional software methodologies readily embrace architectural approaches to software engineering. But there are many outstanding issues to be resolved.

Where to code the business rules? Few developers define a distinct business rules layer. It is common to find business rules duplicated all over the place, in the GUI, in the database, in stored procedures. See the RAP group paper ‘Rules above and below the business rules layer’.

What do we mean by a 3 layer architecture? There are several interpretations. People sometimes code what might be called a ‘document manager’ architecture, where business data views are treated like documents to be retrieved from and replaced in the database. This GUI style paradigm for designing word processors is not ideal in the world of database transaction processing. See the RAP group papers ‘The 3/5 layer architecture’ and ‘The document management architecture’.

What do we mean by business object? The RAP group paper ‘The ubiquitous business object’ documents seven or eight different uses of the term, which act more to confuse than to clarify.

What do we really need from methods and tools? As long ago as 1985 it was clear that we needed:

· better GUIs and OLAP tools

· wider network access to centrally-maintained business data

· better code generation (from dictionaries and access path diagrams)

· better transaction commit and rollback across distributed databases

· easier database schema evolution.

The OO programming wave that carried us so far forward on the first two of these has done less to help us with the last three.

To conclude on a personal and provocative note, in the hope of stimulating an argument: in some ways, the OO bandwagon has obstructed progress. Programmers coming out of university, trained in C++, don’t understand the basics of multi-user database transaction programming. They see Java as the future because it is so much better than C++. Too few university courses teach the problems of data management, or cover modern code generation tools.

